creased by removing one copy of the negative Ras pathrotation also requires activity of planar polarity genes way components sty, Gap1, and yan (data not shown).
, [13] ), and the extra R7 cell phenotype is in- [2] and by Notch-Delta (N-Dl) signaling [3] [4] [5] . The 90؇ creased by removing one copy of the negative Ras pathrotation also requires activity of planar polarity genes way components sty, Gap1, and yan (data not shown). such as fz as well as the roulette (rlt) locus [2, 6] . We
Transheterozygotes of 2F4 and loss-of-function Ras85D now show that two regulators of EGF signaling, argos mutations resulted in a weak Ras85D phenotype, in and sprouty (sty), and a gain-of-function Ras85D allele, which outer photoreceptors were lost from many ommainteract genetically with fz in ommatidial polarity. Furtidia ( Figure 2B ). This phenotype suggests that 2F4 thermore, we find that argos is required for ommatidial might be a Ras85D allele. This was confirmed by serotation, but not chirality, and that rlt is a novel allele quencing of the Ras85D gene in 2F4 mutants, which of argos. We present evidence that there are two pathrevealed a mutation of Ala59 to Thr. Interestingly, this ways by which EGF signaling affects ommatidial rotamutation is a weak activating mutation found in viral tion. In the first, typified by the rlt phenotype, there is oncogenes [14] . Hence, mutations in three EGF pathway partial transformation of the "mystery cells" toward a components, each of which are predicted to increase neuronal fate. Figure 1C ). This cells had polarity defects; up to 50% of the ommatidia phenotype is strongly enhanced by removing one copy were misrotated, while only about 5% appeared achiral of the dishevelled (dsh) gene ( Figure 1D ), which acts and typically less than 1% had wrong chirality (Figure downstream of Fz in polarity signaling [7, 8] .
2D). Therefore, in addition to photoreceptor recruitment In order to identify additional factors involved in regudefects, argos mutations can be characterized as particlating ommatidial polarity, we carried out a large-scale ularly affecting ommatidial rotation, but not R3/R4 fate. genetic screen for loci interacting with fz (see the The phenotype of argos mutations is in fact similar to that of rlt. The most striking defect in rlt mutants is the failure of ommatidia to rotate exactly 90Њ; however, some 
R4 cells and a variable number of partially transformed Thus, the mystery cells that are transformed to a photomystery cells. By row 6, Fz-GFP is still apically localized receptor fate in argos mutations [9] take on an R3/R4
in these additional cells in most clusters, rather than fate. Extra R3/R4 cells are never seen in wild-type eye specifically in the R3/R4 pair ( Figures 4D-4F ). As exdiscs ( Figure 3A) . pected, Fmi is also mislocalized in an identical pattern in Interestingly, in argos rlt /argos 5F4 eye discs, a large argos rlt eye discs. Therefore, at the time when ommatidia number of immature clusters also have extra svp-lacZbegin to rotate, Fz-GFP distribution is abnormal, and it expressing cells ( Figure 3D dence of EGF signaling affecting rotation independently mined, as no mutants have been identified [20] . However, the actin-Ras64B V14 misrotation phenotype can be of the induction of extra photoreceptors.
Firstly, we examined the phenotype caused by oversuppressed by removing one copy of argos or sty, or in Ras85D 2F4 heterozygotes ( Figure 2H , Table 1 ); this findexpression of a second Ras homolog in flies, Ras64B. It was previously noted that overexpression of activated ing is consistent with it acting in the EGF signaling pathway, but as a negative regulator.
Ras64B
V14 under control of the sevenless enhancer or heat shock promoter caused rough eyes, in which omAs actin-Ras64B V14 appears to act by lowering EGF signaling, it is unlikely that its rotation phenotype is due matidia were improperly orientated [18, 19] . A similar phenotype is seen if in these eye discs ( Figure 4H ). Therefore, we believe Conclusions We find that EGF signaling is required for correct ommathat alteration in EGF pathway activity by expression of Ras64B V14 causes misrotations without resulting in tidial rotation. A fz ommatidial polarity phenotype is dominantly enhanced by argos, Ras85D
2F4
, and sty, all defects in cell fate determination or polarity protein localization.
of which result in excess EGF pathway activation. Additionally, ommatidial rotation defects are seen in condiAs the exact role of Ras64B in EGF signaling is unclear, we examined the effect on ommatidial rotation tions in which EGF pathway activity is either increased or decreased. of lowering the amount of a known component of the pathway, the EGF receptor, by using a temperatureWe propose that there are two mechanisms by which EGF signaling affects ommatidial rotation. The first is sensitive allele, Egfr ts1a [21] . To generate a very weak phenotype, flies were raised at just above the restrictive that this is a result of mystery cells inappropriately taking on an R3/R4 fate. In argos rlt , most ommatidia show partemperature, at 18ЊC-19ЊC: examination of adult eyes revealed that, in addition to loss of photoreceptors in tial transformation of mystery cells into R3/R4 photoreceptors. Although most of these extra R3/R4 cells do some clusters, occasional ommatidia were misrotated (Figures 2I and 2J) . While the number of misrotations not ultimately differentiate into neurons, Fz-GFP is mislocalized in them at the time of ommatidial rotation. As was low (1-2 per eye section), the degree of misrotation was generally at least 45Њ (arrows in Figures 2I and 2J) , fz is required in the R3/R4 photoreceptor pair for correct ommatidial chirality and rotation, the presence of extra supporting a role for EGF signaling in this process. Finally, we note that the RhoA locus, which also conThe largely normal expression of m␦0.5-lacZ and the trols ommatidial rotation [8, 16] , interacts with neither lack of chirality defects in argos rlt suggest that the presfz 19 /fz 20 nor actin-Ras64B V14 (Table 1) . Hence, RhoA may ence of Fz-GFP in extra cells does not affect N-Dl signalbe required for another aspect of ommatidial rotation, ing between the cells that finally take on the R3 and R4 perhaps via regulation of dynamic changes in actin fates. We suppose that only cells that eventually take structure needed for cell movement. on neural fate are competent to participate in the N-Dl signaling event.
We also find evidence for a second mechanism dicted to cause loss rather than gain of photoreceptors. In addition, expression of activated Ras64B causes rota-
